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(71) We,. MOBIL OIL CORPORA- 
TION, a Corporation organised under the laws 
o£ the State of New Yoric, United. States of 
America,- of 150 East 42nd Street, New Yoik^ 
New York 10O17, United States, of- America,, 
do hereby decliaxe die invention for whidi we 
pray diat. a paiwit may be granted to us and 
the method by. which it is to be peifoimed to 
be particularly described in. and by. the follow- 
ing statement:^ 

This invention relates to dewaxing. processes 
carried out in the presence of crystelline zeo- 
litic. material and, more particulariy, to the 
removal of straight-chain paraflSns and slightly 
branched-chain paraffins from hydrocarbon 
feedstocks by selectively converting these mat- 
erials from a mixture of the same with the 
other componaits generally found in hydro- 
carhcMi feedstocks. 

Hydrocarbon conversion processes utilizing 
aystolline zeolites and,, in. particular, alumino- 
silicate catalysts have been the subjecte of ex- 
tensive investigation during recent years as is 
obvious from both the patent and scientific 
literature. Crystalline' alinninosilicates have 
been, found to be particularly effective for a. 
wide variety of hydrocarbon conversion pro- 
cesses and have been described! and claimed, 
in many patents including United States Patent 
3,140,249; 3il40,252; 3,L40,251;. 3,140,253; 
and. 3,271^418. Aside from serving: as general 
catalysts in hydrocarbon amversion processes,, 
it is also known, that the molecular sieve pro- 
perties of zeolites can be utilized to piefeten^ 
tially convert one moliecular species from a 
mixtane of the same with other species. 

In a process of this type a zeolitic molecu- 
lar sieve is employed having catalytic activity 
within its intemRl pore structure and pore 
openings such tiiat one component of a. feed is 
capable of entering within the internal pore 
structure thereof and being converted to the 
sobstantial" exclusion of anolher compoaent 



which, because of its size, is incapable of enter- 
ing within the pores of the zeolitic materiaL 
Shape selective catalytic conversion is also- 
known in the art and is disclosed and glflimpH 
in United States Patent 3,140,322; 3,379,64a 
and 3,395,094. 

Althou^ a wide variety of zeohtic materials 
and particularly crystalline aluminosilicates 
have been successfully employed in various 
catalytic conversion processes, nevertheless, 
these prior art processes, m general,, fell into 
one or two main categories. In one type of con- 
version proc^ a zeolite was employed which 
had a pore size sufficiently large to admit the 
vast majority of ccnnponents normally found 
in* a charge, i.e.3 these materials are referred 
to as large pore size molecular sieves and diey 
are generally stated to have a pore size of from 
6 to 13 Angstroms and are represented by 
zeolites X, Y and L. The other type of 
aluminosilicate was one which had a. pore size 
of approximately 5 Angstrom units, and it was 
utilized to preferentially act. upcm normal 
paraffins to the substantial exclusion, of other 
molecular species. Thus, by way of conadcr- 
able over-simplification up tmtil the present 
invention, there were only two types of 
aluminosilicates which were available for 
hydrocarbon processing-^ose which would 
admit only normal paraffins and those which 
would admit all components ntmnally piesoit 
in a hydrocarbon feed charge. 

It has now been discovered, tiiat very effec- 
tive catalytic <^iCTations can. be carried out by 
utilizing a class of zeolitic molecular sieves 
which possess tmique sieving properties in ihat 
they allow entry and ^ess to their, internal 
pore structure of not only normal, paraffins but 
also of sUg^itiy branched.paraffins, and yet have 
the ability to exdude heavily branched iso* 
paraffins. Thu% it is now- possible to cany out 
hydrocarbon conversion processes which- are. 
not (mly sdecttve. towards normal paraffins,- 
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but also are selective towards sligjitly branched 
paraffins and, in particular, monomedqd-sub- 
sdtuted paraffins. It has now been discovered 
that when zeolitic materials exhibiting these 
properties are employed in those dewaxing 
operations where it has been heretofore desir- 
ous only to selectively ranove normal paraffins 
that many increased and unexpected benefits 
will occur in that the resulting products have 
enhanced economic value. 

As has heretofore bem stated, all the crystal- 
line aluminosiHcate materials heretofore em- 
ployed in prior art processes fell into one of 
two general types. They ei^er have pore sizes 
of atout 5 Angstrom units or have pore sizes 
from about 6 to about 15 Angstrom units. The 
5 Angstrom unit duminosilicates were general- 
ly stated to be diape selective in that di^ 
allowed selective conversion of normal aliphatic 
compounds from a mixture of die same with 
isoaliphatic compounds and cyclic compounds. 
The second type of aluminosiHcate;, Le., those 
having a pore size of 5 to 15 Angstrom units 
were generally stated to be nonselective i.e., 
substantially all of the molecules normally 
found in a hydrocarbon feed stream are able to 
enter within the internal pore structure of the 
zeolites and be converted. Thus,^ heretofore a 
very convenient mediod of identifying a good 
shape selective catalyst was to show that it 
would selectively crack normal hexane from a 
mixture of the same with 2-methyl pentane 
since the former was able to ent» its intern a l 
pore structure, whereas the latter isocompound 
was unable to do so. 

The dewaxing process of this invention is 
predicated upon using zeolite materials which 
can generally be stated to be intomediate be- 
tween the two types of aluminosilicates here- 
tofore employed ITius, catalysts employed in 
this invention will allow the entry into their 
internal pore structure of normal aliphatic 
compounds and sligjitiy branched aliphatic 
compounds, particularly monomethyl-substi- 
tuted compounds^ yet substantially exclude all 
compounds containing at least a quaternary 
carbon atom or having a molecular dimension 
equal to or substantially greater than a quater- 
nary carbon atom. Additionally, aromatic com- 
pounds having side chains similar to the normal 
aliphatic compounds and sligjitiy branched ali- 
phatic compounds d)Ove described could have 
said side chains enter the internal pore struc- 
ture of the instant catalysts. Thu^ if one were 
to measure the selectivity of the zeditic mat- 
erials employed in the processes of tiiis invai- 
tion by the heretofore mentioned prior art 
test, i.e., the ability to selectivdy craj± hexane 
firam a mixture at die same with isohexane, 
these catalysts would have to be stated as being 
non-shape selective. It should be immediately 
apparent^ however, that the tenn selectivity 
has a far greater significance than merdy the 
ability to preferentiaUy distinguish betwoen 
normal paraffins and isoparaffins. Selectivity 



on shape is theor^cally possible at any shape 
or size althougji, quite obviously, such selec- 
tivity migjit not result in an advantageous cata- 
lyst for any and all hydrocarbon conversion 
processes. 

The dewaxing processes of diis invention 
are based upon die fact that, aldiough it is art- 
recognized that in the vast maj ority of refinery 
operations it is desirous to preserve aromatics 
and to remove normal parafSn^ neverthde^ 
such a generalization is not the final word in 
obtaining tTigyfmmn yields of economically en- 
hanced products. It has now been discovered 
that enhanced baiefits can be obtained if a 
catalyst system could be designed which would 
not only sdectivdy convert normal paraffins 
but certain isoparaffins, and yet not affect 
desirable compcments in a given feedstock. 
This type of molecular processnig or sieving 
was heretofore unknown. As has been stated, 
all the previous catalytic processing involving 
the use of zeolitic molecular sieves merfy gave 
the operator two choices. He could either use 
a molecular sieve which was a catalyst of 
generalized competence, i.e., it would act upon 
substantially all of die molecules nonnally 
found in a hydrocarbon feed or he could use 
a catalyst which had a pore size o f abo ut 5 
Angstrom units thereby allowmg selective con- 
version of normal aliphatic compotinds only. 

^CMe not wishing to be bound by any 
dieory of operation, nevertfieless, the crystal- 
line zeolitic materials employed in the present 
invention cannot simply be characterized by 
the recitation of a pore size or a range of pore 
sizes. The uniform pore opaiings of the type 
of zeolite employed in die invention are not 
circular in nature, as is usually die case in 
die previously anployed zeolites;, but rather, 
are elliptical in nature. Thus, the pore open- 
ings of the zeolite materials employed in ^die 
invention have both a major and a minor 
axes, and it is for this reason that the unusual 
and novd molecular sieving effects are 
achieved. This elliptical shape can be referred 
to as a "keyhole". The minor axis of die ellip- 
tical pores in die zeolites used in the invention 
have an effective size of about 5 Angstrom 
ijmits and the major axis is from about 6 to 
about 9 Angstrom units. Hie unique keyhole 
molecular sieving action of these materials is 
presumably due to the presence of these ellip- 
ticaUy shaped windows controlling access to 
the internal crystalline pore structure. It is im- 
possible to give totally precise dimensions for 
the size of the pore openings in the zeolites 
used in the invention, and thaefore some slig^it 
deviation from the above recited limits of pore 
opening size is permisable, and indeed con- 
templated, provided that the size remains such 
as to admit only normal and sli^dy branched 
chain hydrocarbons. It is for this reason diat 
the limits quoted are prefaced widi "about". 

A test m^od has been devised in order 
to detennme vrfjedier or not a zeolite possesses 
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the unique molecular sieving properties neces- 
sary to carry out the novd conversion procaess 
of this invention. In said test method a can- 
didate zeolite free from any matrix or binder 

5 is initially converted to the so-called add or 
hydrogen form. This procedure involves ex- 
hausive exchange with an ammonium chloride 
solution m order to replace any metallic 
cations originally present Hie sample is then 

10 sized to 2Cf-^0 mesh and calcined in air for 
16 hours at 550°C One gram of the so-treated 
zeoHte is then contacted with benzene at a 
pressure of twelve torr at a temperatare of 

15 25°C for a time period of two hours. Another 
gram sample is contacted with meatylenc at a 
pressure of 0.5 torr at a temperature of 25°C 
for a period of six hours. Every zeolite which 



has been found operable in the present inven- 
tion has been one whose add form will adsorb 20 
at least 3.0 wdg^t percent bmzene and Isss 
than 1.5 wdgjit percent meatj^ene at Ac 
above redted conditions. 

Examples of zeolite materials \duch are 
operable in the process of this invention are 25 
ZSM— 5 and ZSM— 8 type zedites. ZSM— 5 
type materials are disdosed and claimed in 
British Specification No. 1,161,974 and 
ZSM — 8 is disclosed and daim^l in copending 
ApplicaticHi No. 43464/70. 30 

The family of ZSM — 5 compositions has the 
characteristic X-ray diffraction pattern set 
forth in Table 1^ hereinbdow. ZSM— 5 com- 
positions can also be identified, in terms of 
mole ratios of oxides, as follows: 35 



0.9 ± 0.2 M2O : WtOz : 5—100 YOs : zHjO 



wherein M is a cation, n is the valence of 
said cation, W is sdect^ from aluminum and 
gallium, Y is sdected from silicon and ger- 
40 manium, and Z is fnHU 0 to 40. In a pre- 



ferred synthesized form, the zeolite has a 
formula, in terms of mole ratios of oxides, as 
follows: 



0.9 ± 0.2 MaO : AlgOa : 5—100 SiOa : 2 H2O 



45 and M is a mixture of at least one alkali metal 
cati(Hi, espedally sodium, with at least one 
tetxaaikylammonium cation^ the alkyl groups 
of which preferably contain 2—^5 carbon 
atoms. 

50 In a preferred embodiment of ZSM— 5, W 
is aluminum, Y is silicon and the silica/ 



ahmiina mole ratio is at least 10 and ranges 
up to about 60. 

Members of the family of ZSM— '5 zeolites 
possess a definite distinguishing crystelHne 55 
structure whose X-ray diffraction pattern shows 
the following significant lines : 
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TABLE I 
haergisam Spacing- d(A) 



Relative Intensity- 



U-l 


± 


0.2 


S 


10.0 


± 


Q;2 


S> 


7.4 


± 


0.15- 


W 


7.1; 


± 


0.15 


W 


6.3. 


± 


0.1 


W 


6.04 




0.1 


W 


5.97 


± 


0.1 


W 


5.56 


± 


0.1 


' W 


5.01 




0.1 


W- 


4.60 




0.08 


W 


4.25 


± 


0.08 




3.85 


± 


0.07 


vs 


3.71 




0.05 


s 


3.64- 


± 


0.05 


M 


3.04 


± 


0.03 


w 


2.99 




0.02 


w 


2.94 


± 


0.02 


w 
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These values as well as all other X-iay data 
were detennined by standard techniques. The 
radiation was tiie K-alpha doublet of copper, 
and a scintillation counter spectrometer with a 
strip chart pen recorder was used The peak 
heigjits, I, and the positions as a function of 
2 times theta, where theta is the Bragg an^ 
were read from the spectrometer chart From 
these> the relative intensities, 100 I/Io, where 
lo is the intensity of the strongest line or peak, 
and d (obs.), the interplanar spadng in A, 
corresponding to the recorded lines, were cal- 
culated In Table I the relative intensities are 
given in terms of the symbols S=strongi iVl= 
medium, MS —medium strong, MW=medium 



weak and VS=very strong. It should be under- 
stood that this X-ray diffraction pattern is 
charactedsdc of all tibe species of ZSM — 5 
compositions. Ion exchange of the sodium ion 
with cations reveals substantially the same pat- 
tern with some minor shifts in interplanar 
spacing and variation in relative intensity. 
Other minor variations can occur depending 
on the silicon to aluminum ratio of the particu- 
lar sample, as well as if it has been subjected 
to thermal treatment Various cation exchanged 
forms of ZSM— 5 have been prepared. X-ray 
powder diffraction patterns of several of these 
forms are set forth bdow. The ZSM— 5 forms 
s^ forth bdow are all alominosilicates. 
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TABLE 2 

X-Ray DifBracdon 
ZSM— 5 Powder in Cation Exdianged Forms 
d Spadngs Observed 



As made 


HQ 


NaQ 




ReQa 


AgNOj 


11.15 


11.16 


11.19 


11.19 


11.19 


11.19 


10.01 


10.03 


10.05 


10.01 


10.06 


10.01 


9.74 


9.78 


9.80 


9,74 


9.79 


9.77 


— 


— 


9.01 


9.02 


— 


8.99 


8.06 


— 


— 


— 


— 


— 


7.44 


7.46 


7.46 


7.46 


7.40 


4.46 


7.08 


7.07 


7.09 


7.11 


— 


7.09 


6.70 


6.72 


6.73 


6.70 


6.73 


6.73 


6.36 


6.38 


6.38 


6.37 


6.39 


6.37 


5.99 


6.00 


6.01 


5.99 


6.02 


6.01 


5.70 


5.71 


5.73 


5.70 


5.72 


5.72 


5.56 


5.58 


5.58 


5.57 


5.59 


5.58 


5.37 


— 


5.38 


5.37 


5.38 


5.37 


5.13 


5.11 


5.14 


5.12 


5.14 


— 


4.99 


5.01 


5.01 


5.01 


5.01 


5.01 


— 


— 


4.74 


— 


— 


— 


4.61 


4.62 


4.62 


4.61 


4.63 


4.62 


— 


— 


4.46 


4.46 


— 


4.46 


4.36 


4.37 


4.37 


4.36 


4.37 


4.37 


4.26 


4.27 


4.27 


4.26 


4.27 


4.27 


4.08 




4.09 


4.09 


4.09 


4.09 


4.00 


4.01 


4.01 


4.00 


4.01 


4.01 


3.84 


3.85 


3.85 


3.85 


3.86 


3.86 


3.82 


3.92 


3.82 


3.82 


3.83 


3.82 


3.75 


3.75 


3.75 


3.76 


3.76 


3.75 


3.72 


3.72 


3.72 


3.72 


3.72 


3.72 


3.64 


3.65 


3.65 


3.65 


3.65 


3.65 




3.60 


3.60 


3.60 


3.61 


3.60 
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TABU 2 (Contiiiaed} 
As Made HQ NaQ CaO, ReO, AgNO, 



3.48 3.49 

3.44 3.45 

3.34 3.35 3.36 

3.31 3.31 3.32 



3.49 3.48 3.49 3.49 

3.45 3.44 3.45 3.45 



3.17 — — 

3.13 3.14 3.14 

3.05 3.05 

2.98 2.98 



2.39 2.40 2.40 



3.35 3.35 3.35 

3.31 3.32 3.32 



3.25 3.25 3.26 3.25 3.25 3.26 

_ _ 3.17 3.18 - 



3.14 3.15 3.14 

3.05 3.04 3.06 3.05 



2.99 2.98 2.99 2.99 

_ _ 2.97 — 



2.95 2.94 2.95 2.95 

2.87 2.87 2-87 2.87 



_ 2.95 

2.86 2.87 

2.80 — — 

2.78 — — 

2.73 2.74 2.74 

2.67 — — 

2.66 — — 

2.60 2.61 

_ 2.59 — 2.59 — — 

2.57 - 2.57 2.56 - 2.57 

2.50 2.52 2.52 2.52 2.52 - 

2.49 2.49 2.49 2.49 2.49 2.49 

_ _ _ 2.45 — — 

2.41 2.42 2M 2.42 2.42 — 



2.78 - 2.78 

2.73 2.74 2.74 

— 2.68 — — 

— 2.65 — — 
2.61 2.61 2.61 2.61 



2.33 — 
2.30 — — 

2.24 2.23 2.23 



2.39 2.40 2.40 

2.38 2.35 2.38 

2.33 2.32 2.33 
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TABLE 2 (Contmued) 

As Made HCl NaQ CaQg ReQs AgNOg 

— 2.20 2.21 2.20 2.20 — 

— 2.18 2.18 — _ _ 

— — 2.17 2.17 — — 

— 2.13 — 2.13 — — 

— 2.11 2.11 - 2.11 - 

— — — 2.10 2.10 — 

— 2.08 2.08 — 2.08 2.08 

— — 2.07 2.07 — — 

— — — 2.04 — — 
2.01 2.01 2.01 2.01 2.01 2.01 
1.99 2.00 1.99 1.99 1.99 1.99 

— — — 1.97 1,96 — 
1.95 1.95 1.95 1.95 1.95 — 

— — — — 1.94 — 

— 1.92 1.92 1.92 1.92 1.92 
1.91 _ - _ 1.91 _ 

— — — — 1.88 — 
1.87 1.87 1.87 1.87 1.87 1.87 

— 1.86 — — — — 
1.84 1.84 — — 1.84 1.84 
1.83 1.83 1.^ 1.83 1.^ * 
1.82 — 1.81 — 1.82 — 
1.77 1.77 1.79 1.78 — 1.77 
1.76 1.76 1.76 1.76 1.76 1.76 

— — 1.75 - — 1.75 

— 1.74 1.74 1.73 — — 
1.71 1.72 1.72 1.71 — 1.70 
1.67 1.67 1.67 — 1.67 1.67 
1.66 1.66 — 1.66 1.66 1.66 

— — 1.65 1.65 — — 
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AS iVlouc 


HQ 


TABLE 2 (Omtinued) 
NaQ CaQo 


ReQ. 


AgNOa 






1.64 


1.64 








1.63 


1.63 


1.63 


1.63 


1.62 




1.61 


1.61 


1.61 




1.61 


1.58 














1.57 


1.57 




1.57 


1.57 






1.56 


1.56 


1.56 





Zeolite ZSM— 5 can be suitably prepared germanium, and water and havmg a composi- 

by preparing a solution containing tetrapropyl tion, in tenns of mole ratios of oxides, falimg 

ammonium hydroxide, sodium oxide, an oxide within the fdlowing ranges: 
5 of alimiinum or gallium, an oxide of silica or 



TABLE 3 





Broad 


Preferred 


Particularly 
Preferred 


OH-/SiO 


0.07—1.0 


0.1-0.8 


0.1—0.75 


R4N+/(R4N+-fNa+) 


0.2-0.95 


0.3—0.9 


0.^.9 


HoO/OH- 


10—300 


10-300 


10—300 


YOa/WgOa 


5—100 


10-60 


10--40 



10 wherein R is propyl, W is aluminum or gallium 
and Y is silic<Mi or germanium maintaining the 
mixture until crystals of the zeolite are formed. 
Tliereafter, die crystals are separated from the 
liquid and recovered. Typical reaction condi* 

15 tions consist of heating the foregoing reaction 
mixture to a temperature of from about ISO^C 
to 175^C for a period of time of from about 
six hours to 60 days. A more preferred tem- 
perature range is from about 160 to 175^C 

20 with the amount of time at a temperature in 
such range being from about 12 hours to 8 
<iays. 

The digestion of the gel particles is earned 
out until crystals form. The solid produa is 
25 separated from die reaction medium, as by 
cooling the v^ole to room temperature, filter- 
ing and water washing. 

The foregoing product is dried, eg., at 
230°F, for from about 8 to 24 hours. Of 
30 course, milder conditions may be employed if 
desired, e.g., room temperature under vacuum. 

ZSM— 5 is preferably fonned as an 



aluminosllicate. The composition can be pre- 
pared utilizing materials which supply the 
appropriate oxide. Such com^sitions include 35 
for an aluminosilicate, sodium aluminate, 
alumina, sodium silicate, silica hydrosol, silica 
gel, silidc add, sodium hydroxide and tetra- 
propylammonium hydroxide. It will be under- 
stood that each oxide component utilized inihe 40 
reaction mixture for preparing a member of the 
ZSM— 5 family can be stmplied by one or 
more initial reactants and they can be mixed 
together in any order. For example, sodium 
oxide can be supplied by an aqueous solution 45 
of sodium hydroxide, or by an aqueous solu- 
tion of sodnnn silicate; tecrapropylammonium 
cation can be supplied by the bromide salt. The 
reaction mixture can be prepared dther batch- 
wise or continuously. Oystal size and crystal- 50 
lization time of the ZSM— 5 composition will 
vary with the nature of tiie reaction mixture 
employed. ZSM— 8 can also be identified, in 
terms of mole ratios of oxides, as follows: 



0.9 ±: 02 MaO : AloO» : 5—100 SiO. : z H.O 

a 
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wherein M is at least one cation, n is the fommla, in tenns of mole ratios of oxides, as 
valence thereof and z is from 0 to 40. In a Mows: 
preferred synthesized form, the zeolite has a 

0.9 ± 0.2 M2O : AtOb : 10-60 SiO^ : zH^O 



andMisamixto^of atleastoaealkahm^ ZSM— 8 possesses a definite distinguishine 10 
catioii, especially sodium, with tetraeihjton- crystalline stmcdite having the following x-rav 
momurn cations. diffraction pattern- e j 



dA** 


I/Iit 




CuV 


11.1 


46 






10.0 


42 


3 


0 OA 


9.7 


10 


0 


2.00 


9.0 


6 


1 

X 


2.7o 


7.42 


10 


A 


2.73 


7.06 


7 


1 
1 


2.00 


6.69 


5 




Z.Oi 


6.35 


12 


1 
1 




6.04 


5 


1 
I 


2.55 


5.97 


12 


1 


2.51 


5.69 


9 


0 


2.49 


5.56 


13 


1 
X 


2.45 


5.36 


3 




Z.47 




4 


3 


2.39 


5.01 


7 


1 


2.35 


4.60 


7 


1 


2.32 


4.45 


3 


1 


2.28 


4.35 


7 


1 


2.23 


4.25 


18 


1 


2.20 


4.07 


20 


1 


2.17 


4.00 


10 


1 


2.12 


3.85 


100 


1 


2.11 


3.82 


57 


1 


2.08 


3.75 


25 


1 


2.06 


3.71 


30 


6 


2.01 



10 
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TABLE 4 (Continiied) 






I/Io 


I/Io 




3.64 


26 


6 


1.99 


3.59 


2 


2 


1.95 


3.47 


6 


2 


1.91 


3.43 


9 


3 


1.87 


3.39 


5 


1 


1.84 


3.34 


18 


2 


1.82 


3.31 


8 






3.24 


4 






3.13 


3 






3.04 


10 






2.99 


6 







Zeolite ZSM— 8 can be suitably prepared 
by reacting a solution containing ei±er tetra- 
ethylaxnmonium hydroKide or tetraethylam- 
monium bromide together with sodium oxide, 
aluminum oxid^ and an oxide of alica and 
ivater. 

The relative operable proportions of the 
various ingredients have not been fully deter- 
mined andit is to be immediately xmderscood 
that not any and all proportions of reactants 
wHi operate to produce the desired zeolite. In 
fact, completely different zeolites can be pre- 



pared utilizing the same starting materials de- 
pending upon their relative concentration and 
reaction conditions as is set forth in United 
States 3,308,069. In general, however, it has 
been found that when tetraethylammomum 
hydroxide is employed, ZSM— 8 can be pre- 
pared from said hydroxide, sodium oxide, alu- 
minum oxide, silica and water by leactmg 
said materials in such proportions that tte 
forming solution has a composition in terms of 
mole ratios of oxides falling within the follow- 
ing range 



SiOfi/AlaOa — from about 10 to about 200 
NaoO/tetraethylammonium hydroxide — from about 0.05 to 0.20 
Tetraethylammonium hydroxide/SiOa from about 0.08 to LO 
HsO/tetraediylammonium hydroxide — from about 80 to about 200 



15 



20 



25 



5 



10 



Thereafter, the crystals are separated from 
the liquid and recovered. Typical reaction con- 
ditions consist of heating the foregoing reaction 

30 mixture to a temperature of from about lOO^^C 
to 175®C for a period of time of from about 
six hours to 60 da^'s. A more preferred tem- 
perature range is from about 150 to 175 °C 
with the amount of time at a tonperature in 

35 such range bemg from about 12 hours to 8 
days. 

The digestion of the gel particles is carried 
out until crystals foruL Hie solid product is 
separated from the reaction medium, as by 
40 cooling the whole to room temperature, filter- 
ing, and water washing. 



The foregoing product is dried, c.g., at 
230"='F, for from about 8 to 24 hours. Of 
course, milder conditions may be anployed if 
desired, e.g., room temperature under vacuum. 45 

ZSM— 8 is prepared utilizing materials 
which supply die appropriate oxide. Such com- 
positions include sodium aluminate, alumina, 
sodium silicate^ silica hydrosol, silica gel, silicic 
acid, sodium hydroxide and tetraethylammon- 50 
ium hydroxide. It will be understood tiiat each 
oxide component utilized in the reaction ink- 
ture can be supplied by one or more initial 
reactants and they can be mixed together in 
any order. For example, sodium oxide can be 55 
supplied by an aqueous solution of sodium 
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hydroxide, or by an aqueous solution of sodium 
silicate tetraeiylammonlum cation can be 
supplied by the biomide salt The reaction 
mixture can be prq>ared cttfier batchwise or 

5 continuously. 

The zeolites used in the present invention 
can have tiie original cations associated there- 
with replaced by a wide variety of other 
cations according to techniques wdl known in 

10 the art Typical replacing cations would in- 
clude hydrogen, ammoniimi and metal cations 
including mixtures of the same. Of the replac- 
ing metallic cations, particular preference is 
given to cations of metals such as rare earth 

15 metalsj manganese, calcium, as well as metals 
of Group II of the Periodic Table, e.g., zinc, 
and Group VIII of tiie Periodic Table, eg., 
nickel 

Typical ion exchange tedmiques would be 

20 to contact the particular zeolite with a salt of 
the desired r^lacing cation or cations. 
Although a wide variety of salts can be em- 
ployed, particular preJPerence is givsi to 
chlorides, nitrates and sulfates. 

25 Representative ion exchange techniques are 
disclosed in a wide variety of patents including 
United States 3,140,249; United States 
3,140,251; and United States 3,140,253. 
Following contact with the salt solution of 

30 the desired replacing cation, the zeolites are 
then preferably washed with water and dried at 
a tonperature ranging from 150°F to about 
600°F and thereafter calcined in air or other 
inert gas at temperatures ranging from about 

35 500°F to 1500°F for periods of time ranging 
from 1 to 48 hours or more. It has been furdier 
found in accordance with the invention that 
catalysts of improved selectivity and having 
other beneficial properties in some hydrocar- 

40 bon conversion processes such as catalytic 
cracking are obtained by subjecting the zeolite 
to treatment with steam at elevated tempera- 
tures ranging from 800*^F to 1500°F and pre- 
ferably 1000°F and 1400°F. The treatment 

45 may be accomplished in an atmosphere of 
100% steam or in an atmosphere consisting of 
steam and a gas which is substantwlly inert to 
the zeolites. 

A similar treatment can be accomplished 

50 at lower temperatures and elevated pressures, 
e.g., 350— 700^F at 10 xo about 200 atmos- 
pheres. The zeolites can also be used m 
intimate combination witii a hydrogenating 
component such as tungsten, vanadium, molyb- 

55 denum, rhenium, nickel, cobalt, chromium, 
manganese, or a noble metal sudb as platinum 
or palladium where a hydrogenaticm/dehydro* 
genation function is to be performed, i.e., 
^ape selective hydrocracking. Such component 

60 can be exchanged into the composition, im- 
pregnated therein or physically intimately ad- 
mixed therewitii. Such component can be im- 
pregnated in or onto zeolite such as, for ex- 
ample, by, in the case of platinum, treating 

65 the zeolite widi a platinum metal-cmitammg 



ion. Thus, suitable platinum compounds in- 
clude chloroplatinic add, platinous chloride 
and various compounds containing a platinum 
ammine complex. 

TTie compounds of the useful platinum or 70 
other metals can be divided into compounds in 
which the metal is present in the cation of the 
compound and compoimds in which it is pre- 
sent in tiie anion of the compomd. Both types 
of compounds which contain the metal in the 75 
ionic state can be used. A solution in which 
platinum metals are in the form of a cation or 
cationic complex, e.g., FtQms^dz is particu- 
larly useful. 

Prior to use, the zeolites should be dehy- 80 
drated at least partially. This can be done by 
heating to a temperature in the range of 200 
to 600^C in an inert atmosphere, such as air or 
nitrogen, and at atmospheric or subatmospheric 
pressures for between 1 and 48 hours. Dehy- 85 
dration can also be performed at lower tem- 
peratures merely by using a vacuum, but a 
longer time is required to obtain a sufficient 
amount of dehydration. 

As has heretofore been pointed out, the pro- 90 
cess of this inventicm is concerned with de- 
waxing of hydrocarbon feedstocks. The term 
"dewaxing" as used in the specification and 
claims is used in its broadest sense and is in- 
tended to mean the removal of those hydro- 95 
carbons which readily soHdify (waxes) from 
petroloim stocks. As will be further illustrated 
in the specific examples, hydrocarbon feeds 
which can be treated include lubricating oil 
stocks as well as those which have a freeze 100 
point or pour point problem, i.e., petroleum 
stocks boiling above about 350°F. The de- 
waxing can be carried out at either cracking or 
hydroo^acking conditions. 

Typical cracking conditions include a liquid 105 
houriy space velocity between about 0.5 and 
200, a temperature between about 550°F and 
1100°F, a pressure between about subatmo&- 
pheric and several hundred atmospheres. 

When hydrocracking operations are carried 110 
out, operating conditions include temperatures 
between 650°F and lOOO^F, a pressure be- 
tween 100 and 3000 psig but preferably be- 
tween 200 and 700 psig. The liquid hourly 
space velocity is generally between 0.1 and 10, 115 
preferably between 0.5 and 4 and ±e hydrogen 
to hydrocarbon mole ratio is generally between 
1 and 20 preferably between 4 and 12. 

The following examples will illustrate die 
best mode now contemplated for carrying out 120 
this invention. 

EXAMPLE 1 
This sample will ilhistrate a typical pre- 
paration of zeolite ZSM-^-S. 22.9 grams SiOs 
was partially dissolved in 100 ml 2.18N tetra- 125 
prop^ammonium hydroxide by heating to a 
temperature of about 100°C There was tiien 
added a mixture of 3.19 grams NaAlQz 
(comp: 42.0 wt % AljOa, 30.9% NaaO, 



12 



1,323,710 



12 



27.1% HnO) dissolved in 53.8 ml HoO. The 
resultant mixture had the following composi- 
tion: 0.382 mole SiO^, 0.0131 mole AI2O5, 
0.0159 mole Na^O, 0.118 mole 

[(CH3CH,CH2)iN]20, 
6.30 moles H2O. The mixture was placed in a 
Pyrex-lined (Pyrex is a trade mark) autoclave 
and heated at 150°C for six days. The result- 



ant solid product was cooled to room tem- 
perature, removed, filtered, washed with 1 liter 
HoO and dried at 230'^F. A portion of diis 
product was subjected to X-ray analysis and 
identified as ZSM— 5. A portion of the pro- 
duct was calcined at lOOO^^F in air for 16 
hours and the following analyses were ob- 
tained: 



10 



15 



Wc % SiO. 93.62 

Wt % AlA 4.9 

Wl % NaaO 1.48 

Total 100.00 



TABLE 5 

Wl % n-Hexane adsorbed 10.87 
Wt. % Cydohexane adsorbed 3.60 
Wt % H2O adsorbed 9.15 



SiOo/AlgOs 
NaoO/AloOa 



32.5 
0.5 



EXAMPLE 2 
A sample of a zeolite identified as ZSM— 5 

20 prepared in a manner analagous to that set 
forth in Example 1 was calcined at lOOO^F 
in air for 16 hours then evaluated for its ability 
to crack an Amal Gas Oil The Amal Gas Oil 
onployed was a 650— 850^F boiling range 

25 waxy Amal Gas Oil containing 25.2 weight 
percent normal parafiSns ranging from C — u s 
to C— aa's. 

The Amal Gas Oil was contacted with the 
ZSM— 5 at 107 WHSV, 0.56 Cat/Oil ratio 

30 and 900^F ("Cat/Oil ratio" is an expression 
of catalyst effectiveness appUed to any single 
nm: it is the ratio of weight of catalyst em- 
ployed to wei^t of fe^stock processed). 
Analysis indicated that the waxy normal paraf- 

55 fin content of the Amal Gas Oil had been 
reduced from 25.2 weig^it percent to 4.1 
weight percent, i.e., over 90% of the normal 
paraffins present in the charge were cracked to 
lower boHing products. 

40 EXAMPLE 3 

The procedure of Example 2 was repeated 
with the exception that a commercially avail- 
able zeolite, i.e., zeolite A, which had been 
base exchanged with a lanthanum salt was 

45 used in place of Ae ZSM— 5. Even when more 
drastic operating conditions were employed, 
i.e., the space velocity was reduced to 6 WHS V 
and the GEtt/Oil ratio raised to 1, the normal 
paraffin content could only be reduced to 16.5 

50 weigjit percent. 

Thus, a comparison of the results of Ex- 
amples 2 and 3 shows that the novel process of 
this invention permits a greater reduction in 
high molecidar weight waxy normal paraffins 

55 to a dergree wbidi had previously not been 



possible due to die fact ±at tfiese long-chamed 
molecules have a tendency to clog the pores of 
the heretofore available shape selective molecu- 
lar sieves, thereby presenting problems in 
diffusivity which leads to less than favorable 
results. 

EXAMPLE 4 

This example will illustrate the improved 
results which can be obtained by the hydrocar- 
bon processing of the present invention due to 
the fact that the catalj^ts employed are able 
to not only convert normal paraffins, but also 
slightiy branched-chain paraffins— which are 
also detrimental to product value. 

The same waxy Amal Gas Oil used in Ex- 
ample 2 was subjected to conventional extrac- 
tion techniques utilizing a 5A zeolite. This ex- 
traction was continued until substantially all 
the normal paraffins from the Amal Gas Oil 
were removed. This is not a catalytic process, 
but merely a conventional extraction process. 
The Amal Gas Oil had a pour point of lOO^F 
and after removal of all die normal paraffins, 
its pour point was lowered to 40^F. 

Another portion of the same waxy Amal 
Gas Oil was subjected to diape selective crack- 
ing widi a ZSM— 5 catalyst prepared in the 
manner analagous to that set forth in Example 
1. The process was carried out at a tempera- 
ture of 900°F for 10 minutes at a space 
velocity of 107 WHSV and a Cat/Oil ratio of 
0.56. This resulted in recovery of a 650+ 
fraction having a pour point of — 5°F widi 
3.6 wd^t percent of the normal paraffins still 
remaining. 

Thus, it can be seen that although the lower- 
ing of pour point is dependent on the removal 
of normal paraffin^ such is not the complete 
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answer in pour point lowering. The process of 
this invention pennits the drastic lowering of 
pour point even thou^ all the normal parafiSns 
have not been removed The catalysts employ- 
ed in this invention also convert slightly 
branched parafiSns which also have a decci- 
mental effect on pour point 

EXAMPLES 
A ZSM — ^5 zeolite was prepared in accoid- 
ance to the general technique set forth in Ex- 
ample 1 ; it was then contacted with a saturated 
solution of ammonium diloride in oider to 
replace the ori^al cations assodaced theiewidi 



Catalysts 



Gonversiona wt % 



15 minutes 



H-erionite 
H-ZSM-5 



93.8 
97.9 



3 hours 
33.7 



15 



20 



and thereafter washed with water, dried and 
caldned in air at about 1000°F in ozder to 
convert it to the hydrogm fozm, Le., 
H — ZSM— 5. 

A similar treatment with an ammonium 
salt was carried out on a natural crystalline 
ahmitnosilicate identified as eriooite and then 
these two materials were evaluated for their 
ability to selectively crack normal hexane from 
a mixture of nonn^ hexane 253-dimethyl- 
butane and benzene at a 15: 1 Hg/HC ratio, 
a pressure of 200 psi and a temperature of 25 
700^F. These materials were evaluated for an 
onstream time of 15 minutes and thr^ hours. 
The results were as follows: 



97.8 



30 ^ The above table clearly and dramatically 
illustrates the truly remarkable and surprising 
results obtained utilizing H— ZSM— 5. Thus, 
at 15 mmutes the conversion between the 
hydrogen erionite and H— ZSM— 5 was sub- 

35 stantially the same. This is not too surprising 
since both these materials are very active 
cracking catal]^. However, the results obtain- 
ed after three hours are totally unexpected in 
that the H— ZSM — ^5 material did not age, i.e., 

40 lose activity, as is generally the case with all 
other zeolites. As can be seen, the conversion 
with erionite dropped to 33.7% thereby show- 
ing a definite aging whereas the conversion 
with H— ZSM— 5 was substantially unchanged 



ZSM-~5 

52.4 wL % 
conversion 



Cx 0.8 

C2 6.3 

C3 27.1 

C4 27.5 

Cg — C12 37.3 
(Cg — 400°F) 

^13 — Clfl Bll 

(400-600"F) 

Coke 1.0 



after three hours thereby illustrating the fact 45 
that the catalyst does not age. 

EXAMPLE 6 
In order to demonstrate the difference in 
the type of shape selectivity obtained utilizing 
the catalysts of this invention as opposed to 50 
the shape selective materials of the prior art, 
the same waxy Amal Gas Oil employed in 
Example 2 was subjected to shape selective 
cracking with a calcined sample of ZSM— 5 
prepared with a crystalline aluminosilicate 55 
identified as calcium A, i.e., Linde (trade 
mark) 5A. A comparison of the products ob- 
tained from cracking the same material are 
shown m the Table bdow. 



Calcium A 
8.2 wt. % 

conversion A 5A 



1.2 -0.4 

11.0 -4.7 

20.8 +6.3 

30.5 -3.0 

19.5 17.8 



nil 



17.0 -16.0 
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It is munediately obvious tiiat the coke 
yield obtained by the novel pn)cess of this 
invention is dramatically lower than that ob- 
tained widi a classic shape selective materials 

5 of die prior art In addition die ^line make, 
i.e., die Ci2 is considerably higjier dim 
diat witii die Calcium A-type materials. Addi- 
tionally, die classic shape selective c^yst of 
die prior art always yields products vmich are 

10 rich in Q, hydrocarbons and conversely poorer 
in Q— Ci2 hydrocarbons. As can be seen, such 
is not die case utilizing the ZSM— 5 type 
catalysts, dicreby mdicating diat not only 
nonnal paraflSns, but sUg&dy branched^hain 

15 naiafl^ are also converted. The enhanced 
results are believed demwistrated by die above 
table. , . 

The following examples will indicate that it 
is also possible to obtain improved results 

20 utilizing hydrogenation/dehydrDgmation c<ffli- 
ponrats in association widi the ZSM— 5 type 
catalysts. 

EXAMPLE 7 
A ZSM— 5 type catalyst was prepared fol- 
25 lowing die general procedure of Exam£>lc 1. 
The reaction composition and diaractensdcs oi 
the finished pioduct are as follows: 



30 



35 



TABLE 6 

Temp., °C 
Tim^ Days 
Reaction Compo^tion 

SiOs/AlzO, 

NaaO/AliOa 

TPA2O/AI2Q, 

H2O/TPA2O + NaaO 
Comp(mtiQn 

NaaO, Wl % 

Na, Wt % 



150 

5 

29.1 
1.19 
9 

47 

2.42 
L8 



AlaOs, Wt % 
SiOj, Wt % 

Total 
SiOg/AlzOs 
Na^O/AlaO, 



6.1 
90.6 
100.12 
252 

0.65 



40 



.88 45 



Adso^tion^yclohexane, Wt % 3.07 
Nomial Hexani^ Wt % 9. 
H2O, Wt % 7-^1 

The above material was dien calciiwd at 
about lOOO^F for 16 hours and divided mto 
two portions. Portion A was exchanged with 
100 ml of a 0.5N aqueous soluticm of am- 
monium chloride at room temperaturefor one 
hour to form the ammonium salt This was 
labeled Catalyst Al. Three grams of Cataly^ 
Al was exchanged widi 35 ml of a 0.5N 2.9/1 
zinc/NH. chloride solution at 109<^F for f<w 55 
hours. The material was dien wa^ed widi 
water and dried in air to yield a catalyst 
having a zinc content of 0.9 weight percent 
and a sodium content of 0.2 weight percent 
This catalyst was labeled A2. ^ 

Portion B was treated widi anhydrous am- 
monia (100 cc per minute) at room tempera- 
ture to reconstitute die NK sites. This cataly^ 
was labeled Bl. Three grams of Catslyst 31 
was exchanged widi a 0.5N solution of anc 65 
and ammom'um chloride as above. The fimshed 
catalyst contained 12 weight percent zmc and 
0.3 wd^t percent sodimn and was labelea 
B2. 

EXAMPLE 8 70 
Catalyst B2 supra, was dien evaluated for 
pour point reduction of shale oil by hydro- 
processing techniques. The charge stock was a 
full range dehydrated shale oil havmg a pour 
pointof about +80°F. A typical composition 75 
is shown in the following table. 
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Fiactioit, % * 





0-10 


10-20 


20-30 


30-40 


40-50 


O-50 


50—100 0-100 


Nonhydrocaibonsj Wt. % 
















N oompounds 


12 


14 


21 


26 


33 


21 


51 


36 


S oonqtounds 


5 


4 


4 


5 


5 


5 


7 


6 


0 compounds 


12 


17 


18 


17 


16 


16 


22 


19 




29 


35 


43 


48 


54 


42 


80 


61 


Hydrocarbons, Wt % 


















n-Paraffins 


8 


8 


8 


8 


10 


8 


3 


6 


naphthenes 


7 


6 


4 


3 


3 


5 


5 


5 


n-Olefins 


10 


9 


11 


11 


9 


10 


3 


6 


Iso-olefiiis + 
cydo-olefins 


31 


25 


19 


14 


12 


20 


5 


12 


Monocydic 
aromatics 


6 


8 


6 


6 


5 


6 


2 


4 


Polycyclic aromatics 


9 


9 


9 


10 


7 


9 


2 


6 


Total 


71 


65 


57 


52 


46 


58 


20 


39 



* A partial separation by molecular weight eflfected by distillatioix. The shale oE was distilled 
into 5 successive 10% fractions and a 50% residue. The %ures 0—10 etc represent the fraction 
in question^ e.g. 10—20 represents the second 10% fraction. 

The above shale oil was contacted with pour point showed that there was olefin satu- 

Catalyst B2 at 500 psig, 4 LHSV, 8D0°F. and ration and a shift to lower boiling products 

2>000 SCS/BBL hydrogen circulation. The resultmg in increased naphtha and light fuel 10 

5 results obtained showed a 97 wdgjit percent oil content with a corresponding decrease in 

recovery having a pour point of — 15°F. An the greater than Qj range products, as shown 

analysis of the liquid product having a — 15°F by the following table. 

Charge C5 + liquid product 



Cs + naphtha 10.0 15.4 

light fuel oil 16.9 18.2 

Higher products 73.1 66.4 

15 EXAMPLE 9 Gravity, «>API 31.9 20 

This example will illustrate tilie manufacture Pour Point, °F +85 

of hibe oil by shape selective hydrodewaxing. Sulfur, Wt % 0.17 

The hibe oil chaj^ stock employed had the Hydrogen, Wt. % 1323 

following properties : EL V. @ 100*^F, cs 19.27 



16 



K.V.@210^F,cs 
Viscosity Index 
Vacuum Assay, °F 

IBP 
5% 

10% 

30% 

50% 

70% 
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3.93 90% 834 

108.4 95% 847 

The above charge stock was subjected to 

669 hydrodewaxing with a zinc/H— ZSM— 5 

696 catalyst prepared in the manner set forth in 

707 Example 7 (B2), the experimental results as 

737 well as the various operating conditions are set 

766 forth in the table below. 
795 



10 



15 



Temperature, *F 


700 


700 


650 


650 


C 


LHSV 


4 


16 


16 


24 


H 


Pressure, psig 


500 


500 


500 


500 


A 


H/HC Mole Ratio 


38 


38 


38 


38 


R 


Conv., Wt % 


33 


30.5 


25.0 


20.5 


G 


Hydrodewaxed Lube 










E 


Yidd, Wt % 


67 


69.5 


75.0 


79.5 


100 


Pour Point, 


-40 


-20 


4-25 


-r40 


+85 


K.V. @ IWF 


31.18 


29.55 


22.18 




19.27 


K.V. @ 210*F 


4.85 


4.75 


4.15 




3.93 


Viscosity Index 


76.9 


81.0 


95.7 




108.4 



From the above tables it can be seen that 

20 the instant catalyst resulted in a substantial 
lowering of a pour point from an original value 
of +85° to as low as -40^F. 

The above results suggest that the catalytic 
processing of this invention can be employed 

25 in those areas where is desirable to hydrodewax 
charge stocks in order to obtain products of 
enhanced value. One such area would be in 
the preparation of automatic transmission 
fluids* T^e above process can replace the con- 

30 yentional solvent dewaxing presentiy employ- 
ed. As another alternative it is visualized that 
a particular charge stock can be subjected to 
conventional solvent dewaxing in order to re- 
duce the pour point to some intermediate 

35 levd and then this product subjected to shape 
selective hydrodewaxing in order to further 
lower the pour point. As can be seen, the pro- 
cessing techniques of this invention give greater 
flexibility to the refiner in the manufacture of 

40 commercially significant products. 

EXAMPLE 10 
This example will illustrate the ^ape selec- 
tive hydrodewaxing of lube oil stocks and will 
again illustrate that hydrocxacking of long 
45 chain molecules can be adiieved. 



The charge stock employed was a mid-con- 
tinent vacuum tower overhead fraction having 
the following specifications. 



Gravity, °API 
Gravity, Specific 
Vacuum Assay, °F 

IBP 
5% 

10% 

30% 

50% 

70% 

90% 

95% 

Pour Point, ^F (D— 97) 
Flash Pointy ^F 
Viscosity, SUS, WF 
SUS, 130°F 
SUS, 210^F 
Kinematic, 100°F 
Kinematic^ 210*=>F 
Viscosity Index 
Aniline No., ''F 



32.2 

0.8644 50 



550 

596 

630 

646 

662 

684 

728 

756 
+50 

345 
57.7 
45.8 
34.5 
10.56 
2J0 
56 

182.2 



55 



60 



65 



TTiis charge stock was contacted with a 
Zn/H— ZSM— 5 catalyst prepared in accord- 70 
ance with tiie techniques set forth in Example 
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7 (B2). The opexating condiiioiis were general- 
ly mfld hydrocracking conditionsj Le., 500 psi, 
700^F, 4 LHSV and a hydrogen to hyiiK^- 
btm mol ratio of 30. The results obtained axe 
shown in the following table. 



10 



15 



20 



Run time (hrs.) 
Conversion, Wt % 
Yields, Wt % 

Ci + C* 

Q 

Q 

Q + cracked product 
Unconverted 
Pour Point, °F of 
unconverted product 



2 

33,5 

1.4 
5.4 
10.1 
16.6 
66.5 

-85° 



As can be seen from the above data, the 
process of this invention resulted in a substan- 
tial lowering of the pour point of the product, 
i.e., from +50° to -85° or a 4.5°F lowering 
per percent conversion. Yidd was 70 weight 
percent of the 60O°F plus liquid product This 
esfflnple clearly indicates the improved results 
virhich are obtainable by the novel processing 



tedmiques of this inveotiQn, 

EXAMPLE 11 

This example will illustrate the preparation 
of a low freezing point hi^ BTU jet fuel pre- 
pared by the novel process of this invention. 

A 350— 500°F ^jnal-Nafooia toosene hav- 
ing the following properties: 

Gravity, ^AFl 48.1 

Freeze Pointy °F —27 

Aromadcs (LIA) VoL % 9.1 

Aniline No., <>F 156^ 
Heating Vahie, 

BTU/lb. 18,710 

This charge stock was contacted with a 
Zn/H — ZSM — ^5 catalyst prepared in accord- 
ance with the techniques set forth in Fyamplft 
7(B2). The operating additions were 500 psig, 
650°F, 24 LHSV, 15/1 mole ratio Ha/HC 
The above procedure resulted in obtaining a 
78.5% yield of a dewaxed product i^diose pro- 
perties, together with those of a JP— 7 jet fad, 
will be shown in the following table: 



25 



30 



35 



40 



45 



Gravity, *API 


47.2 


44r-50 


Freeze Point, "F 


-63 


-50 


Aromatics (FIA) Vol. % 


11.9 


5 


Aniline No., **F 


148.9 




Heating Value;, BTU/lb. 


18,655 


18,750 



The results shown in the above table illus- 
trate tiie fact that the novel process of this 
invention is capable of significantly lowering 

50 the freeze point of an Amal kerosene. It is 
noted, however, that die heating value and 
aromatic content of the product faU outside the 
specification for JP— 7 jet fuel 
In order to raise the heating value and lower 

55 the aromatic contait, the hydrodewaxed pro- 
duct can be subjected to a mild hydrogaiation 
treatment. In this connection 20 grams of the 
hydrodewaxed product^ 100 ml of cyclohexane, 
11 grams of a commercial catalyst comprising 

60 reduced m'ckel on Kieselguhr (Harshaw (trade 
mark) Ni 0107) were charged to a 300 ml stir- 
ring autoclave and 500 psig hydrogen was 
added. The above mixture was heated at 587 — 
600^F is about 2 hoiu^ at which time Ae fini^l 

65 pressure was about 1200— 13(K) psig. The 
above procedure resulted in a 93 wt % re- 
covery of a hydrogenated product which had 
the following products: 

Gravity, «APA 47.5 
70 Freeze Poin^ «F -81 



Aromatics (FIA) VoL % 4.0 
Aniline No,, °F 179.0 
Heating Vahi^ BTU/lb. 18,835 

From the above, it can be seen that the pro- 
cess of this invention provides a mediod of 75 
producing jet fuels having a low freeze pomt 
and a hi^ BTU content 

WHAT WE CLAIM IS: — 

1. A dewaxing process for the selective 
cracking of straight-chain hydrocarbons and 80 
slightly branched-chain hydrocarbons from a 
mixture of die same with compounds of differ- 
ent molecular shapes which comprises contact- 
ing said mixture with a crystalline zeolitic mat- 
erial having pore op^iings v^ch are of a 85 
generally elliptical shape wherein the major 
axis of said edlipse has an effective size under 
conversion conditions of from about 5 to about 
9A tmits and the minor axis about 5A so that 
said straight'K:hain and slightly branched-chain 90 
hydrocarbons are capable of entering into the 
internal pore structure of the zeolite and being 
converted. 
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2. The process of claim 1 wherdn said 
zeoiitic material is crystalline aluminosilicate. 

3. The process of claim 1 or claim 2 wherein 
said zeoiitic material has a hydrogpnation/de- 

5 hydrogenation function. 

4 The process of any of claims 1 to 3 
wherein said sHghdy branched hydrocarbon 
does not possess a quaternary carbon atoni. 

5. The process of any preceding dami 
10 wherein said mixture contains cyclic com- 
pounds. , . c 

6. The process of any of clauns 2 to 5 
wherein said crystalline aluminosilicate has 
an X-ray diffraction pattern substantially as 

15 set forth hereinbefore in Table 1. 

7. The process according to any precedmg 
daim which comprises contacdng said mixture 
widi die zeolite termed ZSM— 5 herein under 
cracking conditions such diat the straight-diam 

20 hydrocarbons and slightly branched hydro- 
carbons are able to enter into die pores of die 
ZSM— 5 and be cracked. , 

8. The process according to any of claims 
1 to 6 which comprises contacting said mix- 

25 ture with the zeohte termed ZSM— 8 herem 
under conversion conditions such that the 
strai^t-chain hydrocarbons and sligjidy 



branched hydrocarbons are able to enter mto 
die pores of die ZSM— 8 and be cracked. 

9. The process of any preceding claim 30 
herein die dewaxing is carried out in die pre- 
sence erf added hydrogen. , 

10. The prxxzess of any preceding claim 
wherein said mixture is petroleum charge stock 
having an initial boiling point above 350°F. 35 

11. A dewaxing process for the selective 
cracking of strai^t-chain hydrocarbons and 
slighdy branchcd-chain hydrocarbons from a 
mixture of die same widi compounds of differ- 

ent molecular shapes, which comprises contact- 4U 
ing said mixture widi a crystalline zeoiitic iMt- 
erial having pore openings which are of a 
generally elliptical shape, substantially as here- 
in described in any of Examples 2, 4 to 6 and 

12. Dewaxed petroleum charge stocks wnen- 
ever produced by die process claimed in any 
of claims 1 to 11. 

For the Applicants, 
CARPMAELS & RANSFORD, 
Chartered Patent Agents, 
24 Southampton Buildings^ 
Qiancery Lan^ 
London, W.C2. 
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